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http://dx.doi.org/10.1016/j.anbehav.2012.11.014In 1980, Paul J. Greenwoodpublished a reviewof dispersal in birds andmammals that has beenwidelycited.
The review evaluated possible explanations for sex-biased natal dispersal. It concluded that female-biased
dispersal occurred in socially monogamous birds because males were using territorial resources to attract
mates. In mammals, polygynous and polygynandrous males compete directly for and defend groups of
females, and thus males more often disperse to ﬁnd opportunities to sequester such groups. Thus, the
primary difference between birds and mammals in sex-bias of dispersal appeared to be one of resource
defence and mate defence mating systems. What made this review so seminal and what is the fate of his
research question today? I beginwith the excitement of the ‘sociobiology’ revolution and the fundamental
nature and importance of the topic of dispersal. Furthermore, as all living things disperse, the topic of
dispersal is central tomanyﬁelds of study inbehaviour, ecology, conservation andevolutionarybiology. The
hypotheses to explain dispersal that Greenwood reviewed (competition for resources, competition for
mates and inbreeding avoidance) have been augmented, primarily by interest in lowered local kin
competition as a ﬁtness advantage for dispersers and kin cooperation as a reason not to disperse (viz. to
remain philopatric in or near the natal area, particularly for female mammals). Current studies of Green-
wood’s question about sex biases in dispersal focus on testing the effects of local kin competition and on
phylogenetic comparisons that reveal evidence of independent evolution of alternative dispersal patterns.
 2012 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. Open access under 
CC BY-NC-ND license.GREENWOOD’S (1980) SEMINAL CONTRIBUTION
The most cited article from Animal Behaviour during the past
60 years is Paul J. Greenwood’s (1980) review of dispersal patterns in
birds and mammals (close to 2000 citations at this writing, more
than twice that of the next closest contender). What is it about this
review, the topic at the time that it was published and since, that
makes it so popular and useful as a citation to so many studies?
Sadly, we cannot get Paul Greenwood’s impressions, since he tragi-
cally died in a house ﬁre in 1988. To answer these questions, one can
look back at the history of the ﬁeld of animal behaviour, and the
progression of ideas in behavioural science since this seminal work
was written and published. This is a task of memory for me, since
one of my early publications was a widely cited follow-up study inogical Sciences, 311 Funchess
nimal Behaviour. Published by ElsAnimal Behaviour (Dobson 1982). It is also necessary to look forward
to understand how the questions in Greenwood’s seminal work are
still interesting and exciting today, for citations of his seminal review
have steadily grown and continue to average about 100 per year.
We tend to think of some form of replication, either clonal
division or sexual reproduction, as the essence of life. In part, we
think of replication as the most basic aspect of living things because
differential replication is a basic building block of evolutionary
change by natural selection (Endler 1986). After all, Darwin’s (1859)
natural selection has proved the grandest of biological ideas.
Nevertheless, there is something equally fundamental about
dispersal: everything alive, from the smallest viruses and bacteria
to the largest plants and animals, produce replicates that move
away from their site of origin. Without movement away from the
point of conception, new life cannot spread. All types of life have to
move about to exist, and no species will long endure if individuals
simply replace their parents in the parental location.evier Ltd.Open access under CC BY-NC-ND license. 
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were focused on basic questions about the evolution of behavioural
traits, speciﬁcally, ‘what are the likely evolutionary advantages of
particular behavioural or life cycle traits, given a particular envi-
ronment?’ There was a search for grand ideas that would produce
broad generalizations about ﬁtness advantages of traits that were
often shared by many species, like the dispersal patterns common
within such broad taxa as classes of animals. The focus of advantage
was often on energy savings or organismal growth, but also
extended to the ‘stuff’ of natural selection, survival and ultimately
reproduction. So Greenwood had a focus, ‘adaptive beneﬁt’ and
a fundamental question, ‘why should individuals leave a habitat
where they know the ground, and venture into an unknown and
perhaps dangerous realm?’
Seen in this context, Greenwood’s (1980; see also reviews by
Greenwood & Harvey 1982; Greenwood 1983) review examined
a fundamental process of all life. His focus on dispersal of birds and
mammals is not surprising. We often study mammals, feeling some
primitive kinship with them; birds are often subjects of study
simply because they are so visible and colourful. In addition, due to
the relative ease of permanently marking individuals, studies of
birds and mammals allowed an important empirical breakthrough:
the marking and tracking of individuals over their life spans. Given
the sweep of biological diversity, however, birds and mammals are
relatively small groups of organisms. But these are the groups in
which enough study was available in the late 1970s for a review of
dispersal to be timely. Lidicker (1975) had deﬁned dispersal as
movement away from a previous range into a completely new one,
and the question of why organisms should take such leaps and
bounds into an uncharted and unfamiliar world was becoming
approachable. It is not easy to measure dispersal, since many
individuals move far enough from their natal range to make
measurement difﬁcult. But, data were accumulating on birds and
mammals. Researchers needed only articulation of an important
question and insight about how to approach it. Paul Greenwood
was clearly up to the task.
In the mid-1970s, E. O. Wilson (1975) had published his inﬂu-
ential tome Sociobiology, and it introduced W. D. Hamilton’s
(e.g. 1964, 1971) remarkable ideas about evolutionary thinking,
from kin selection to living in groups, to an audience of young
biologists. This was a time of great excitement among graduate
students and their major professors alike (Paul Greenwood was
then a student of Paul H. Harvey’s at the University of Sussex;Figure 1. Paul Greenwood (right) with Paul Harvey in their salad days (1976, photo by
David J. Bousﬁeld).Fig. 1), in the subdiscipline of evolutionary biology that is now
usually called behavioural ecology. So where did the idea of
comparing birds andmammals come from? During a visit to Sussex
by Craig Packer, Greenwood heard about male-biased dispersal in
baboons (Packer 1975, 1979). From reading Sociobiology,
Greenwood (1978) was impressed by the dispersal pattern of the
pied ﬂycatcher, Ficedula hypoleuca, in which more females appar-
ently dispersed from the natal area (Berndt & Sternberg 1969).
Thus, at least initially, the dispersal patterns of birds and mammals
appeared different; but why should this be?
For Greenwood (1978), the task was two-fold. He needed to
produce stronger evidence for the lesser studied of the two major
taxa, the birds. For this he found two empirical gold mines: ringing
records on caught and recaptured birds from the British Trust for
Ornithology, and the amazing long-term data set on great tits, Parus
major, at Wytham Wood, Oxford (since 1947, and in the care of
Christopher M. Perrins). Faced with the intellectual challenge of
explaining opposing patterns of sex-biased dispersal in birds and
mammals, and armed with such outstanding empirical data, Paul
Greenwood moved ahead on the empirical front by reviewing
dispersal studies of both birds andmammals, and on the theoretical
front to present ideas that might explain the difference between
birds and mammals. These two tasks formed the core of
Greenwood’s (1978) Ph.D. thesis. He dividedmovements into initial
(natal dispersal) and subsequent (breeding dispersal) movements
by males and females, although it appeared that in most species
natal dispersal was most common.
Greenwood’s (1978) review was called ‘Mating systems, phil-
opatry and dispersal in birds and mammals’. The presence of
a diversity of mating arrangements in these two major taxa of
terrestrial vertebrates, and Greenwood’s focus on both individuals
that remain in the natal area and those that disperse, would prove
a powerful combination. But Greenwood (1980) did something else
common to evolutionary biology; he studied population-wide
patterns that reﬂected underlying behaviours, rather than the
behaviours themselves. This is quite common in behavioural
ecology, particularly in life history theory, and complements the
search for broad causal hypotheses to explain phenomena broadly
among species. This was one of the powers of the sociobiology
paradigm that is also common to ecological studies: broad cate-
gories and frequencies of phenomena are studied that allow us to
generalize nature broadly, in order to gain an initial understanding.
Later we learn that each species, at times even each population, has
a unique pattern of traits and environmental circumstances.
Besides his focus on a fundamental aspect of biology and the
attention that he drew to the stark differences in dispersal patterns
between birds and mammals, Greenwood (1980) also cast
a broader net by relating dispersal to ﬁtness differences. The
purpose of his review was the evaluation of evolutionary hypoth-
eses to ‘explain’ sex-biases in dispersal patterns. Such hypotheses
invoke potential ﬁtness beneﬁts that could have led to the evolu-
tion of the underlying complexes of behaviours that produce the
species-typical patterns. Since social competitionwas a major focus
of sociobiology, it was natural that competition would be invoked.
Thus, competition for mates or resources (in this case used to
attract mates) loomed large as general explanations for patterns of
dispersal and philopatry. The ideas that competition for resources
in general, relative to population size, and that aggression associ-
ated with local mate competition produced dispersal of socially
subordinate individuals were also brieﬂy evaluated. Another well-
supported hypothesis from individual populations and species
was that dispersal reduces the chance of inbreeding and associated
ﬁtness costs of inbreeding (viz. inbreeding depression). Neverthe-
less, both Greenwood (1980) and I (Dobson 1982) missed the
potential importance of kin competition, perhaps confusing it with
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(Hamilton & May 1977). The effect on dispersal of avoiding kin
competition has proved important to theory (e.g. Perrin & Mazalov
1999, 2000; Perrin & Goudet 2001) and empiricism (e.g. Lambin
et al. 2001; Cote & Clobert 2010; P. M. Waser, K. M. Nichols &
J. Hadﬁeld, unpublished data).
Greenwood’s (1980) focus was on the difference between the
sexes in natal dispersal andmating systems for birds andmammals.
Greenwood pointed out that in socially monogamous birds, males
use a territory to attract mates, and thus male philopatry and
female dispersal should be favoured by natural selection. In the
predominantly polygynous and promiscuous (now called ‘poly-
gynandrous’, Dobson et al. 2010) mammals, on the other hand,
males can defend groups of females and thus greatly raise their
reproductive success, and selection should favour those that
disperse in search of such opportunities. Therefore, it is the nature
of the defended resource and selection for reproductive advantages
that explains the differences in general bird and mammal dispersal
patterns. In my follow-up study (Dobson 1982), I took the same
tack by comparing socially monogamous and polygynous/poly-
gynandrous mammals to argue that competition for mates inﬂu-
enced the general dispersal patterns of these two groups of
mammals. In both Greenwood’s and my review, however, the
hypothesis that dispersal served to reduce the chance of inbreeding
received little comparative support as an explanation of consistent
patterns of sex-biased dispersal. None the less, because of the
growing support for the inbreeding avoidance hypothesis to
explain dispersal patterns within species (e.g. Greenwood et al.
1978; Dobson 1979; reviewed in: Pusey 1987; Pusey & Wolf
1996), both reviews favoured a role for inbreeding avoidance.
As a part of his focus on sex-biased dispersal, Greenwood (1980)
raised the question of which sex should be more philopatric; for
just as there may be costs and beneﬁts to dispersing, evolutionary
factors may inﬂuence stayingwithin the natal range. This effort was
quickly followed by another seminal review that focused speciﬁ-
cally on the beneﬁts of not dispersing, but remaining philopatric, as
is common for females in many species of mammals (Waser & Jones
1983). In particular, behavioural ecologists focused on advantages
of remaining with related individuals, an important phenomenon
for two important but separate reasons. First, spatial association of
close kin forms the basis for cooperation and the evolution of more
derived social behaviours that produce ﬁtness advantages (e.g.
Dobson et al. 1998, 2012; Hatchwell 2009; Viblanc et al. 2010). And
second, any advantage of remaining in the natal area for one sex
may contribute strongly to which sex disperses (viz. the other one;
Dobson 1982; Dobson & Jones 1985). Interestingly, models of natal
dispersal and mating system suggested that, in the absence of
factors other than costs of inbreeding, polygyny should be associ-
ated with female-biased dispersal, the opposite to the pattern
shown in many mammalian species (Waser et al. 1986; Lawson
Handley & Perrin 2007; Guillaume & Perrin 2009). Dispersal
patterns are thus likely to be inﬂuenced by a complex association of
evolutionary causes (Dobson & Jones 1985; Lawson Handley &
Perrin 2007).
Finally, Greenwood’s (1980) review of dispersal movements is
surely widely cited because dispersal plays such a large role in
many topic areas of ecology and evolutionary biology. As a behav-
iour, dispersal seems risky, since suitable habitat is often left behind
and dispersers may have to traverse unsuitable habitat. But when
dispersal is successful and is followed by successful mating, it
provides the basis for gene ﬂow that lowers the degree of genetic
differentiation of semi-isolated populations (e.g. black-tailed
prairie dogs, Cynomys ludovicianus; Sugg et al. 1996; Dobson et al.
1997). Successful dispersal and breeding not only counteract the
genetic differentiation of populations that can be produced bygenetic drift or local adaptation (Wright 1931, 1965; Slatkin 1987),
but it can also strongly favour the evolution of phenotypic plasticity
(Via & Lande 1985). Gene ﬂow is also an important element of
several models of speciation and biogeography (e.g. Schluter 1999).
Dispersal events in terms of successful immigration and emigration
are important inﬂuences on population growth and demography,
since immigration and emigration, along with birth and death, are
the only processes that produce changes in population size.
Dispersal is an essential process in metapopulation dynamics
(Hanski 1991) and invasion ecology (Miller et al. 2011). Finally,
much of conservation management focuses on animal movements,
including application of dispersal corridors and translocations that
increase genetic diversity of threatened populations (Gilbert-
Norton et al. 2010).
THE WAY FORWARD
Recent reviews of the current status of research on dispersal
have highlighted its continuing importance in behavioural ecology
and indicated some changes in the ways that dispersal behaviour
might be thought about and investigated. Lawson Handley & Perrin
(2007) re-examined studies of sex biases in dispersal of mammals,
and their relationship to mating systems and social behaviour. In
particular, they focused on the potential of molecular methods for
further examinations of both genetic effects of dispersal and testing
hypotheses to explain sex biases in dispersal. Clutton-Brock & Lukas
(2012) re-examined the sex bias in socially polygynous/poly-
gynandrous versus monogamous mammals, with a focus on phil-
opatry of females. Mabry and colleagues (K. E. Mabry, E. L. Shelley,
K. E. Davis, D. T. Blumstein & D. H. Van Vuren, unpublished data)
evaluated evidence for Greenwood’s hypothesis in a phylogenetic
framework by re-examining some studies (Greenwood 1980;
Dobson 1982; Lawson Handley & Perrin 2007) and generating new
data sets.
Dispersal can be quantiﬁed in two ways, and these have led to
sometimes confusing alternative deﬁnitions (Clutton-Brock &
Lukas 2012; Mabry et al., unpublished data). Greenwood (1980;
after Howard 1960) deﬁned natal dispersal as movement from the
natal location to the ﬁrst breeding location, and breeding dispersal
as subsequent movements from one breeding location to another. If
these are measured as distances, their meaning is clear. Dobson
(1982), however, suggested that the deﬁnitional essence of
‘dispersal’ is a change from a familiar to unfamiliar range, and thus
dispersal is better measured as a proportion of individuals that take
up vagrancy before a new home area is established (after Lidicker
1975; for social dispersal, see Isbell & Van Vuren 1996). In reality,
a variety of types of evidence are used to class individuals as
philopatric (remaining in their natal or previous range: Greenwood
1980; Waser & Jones 1983) or dispersant. These include actual
recorded movements, identiﬁcation of new immigrants to an area,
disappearances of a particular sex and age group, andmore recently
molecular data. The key point is that most individuals show some
movement from their natal or previous breeding area, if only to
shift slightly. Philopatric individuals remain in familiar territory
and dispersers venture into unfamiliar habitat. Movements might
be classiﬁed as relatively short and long dispersal, although the
latter is clearly both difﬁcult to measure and potentially extremely
important for explaining the causes and effects of dispersal
patterns (Koenig et al. 1996). On the other hand, the idea of phil-
opatric and dispersing individuals is intuitive, convenient, and
perhaps easier to measure than actual distances.
Greenwood (1980) categorized patterns of dispersal from
studies of distances that individuals move on average, and
frequencies of movement (e.g. away from the natal area or range)
for males and females. Later critiques often argued for separating
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distance and dispersal from a familiar natal range be considered
separately (e.g. Clutton-Brock & Lukas 2012; Mabry et al., unpub-
lished data). Examination of generalized natal dispersal patterns of
birds and mammals reveals different patterns, in which the
dispersal of male mammals can be recognized as comparatively
quite different in basic statistical nature (viz. highly right-skewed
for male mammals compared to left-skewed for female birds;
Fig. 2). The problem of where dispersers settle may have little in
commonwith why they leave their natal or previous breeding area
in the ﬁrst place (e.g. Stamps et al. 2005; Mabry & Stamps 2008).
The solution towhether distance or class ofmovement is used to
evaluate dispersal pattern is to recognize that both philopatric
movements and dispersal movements are possible, that move-
ments of both types may involve shorter versus longer distances,
and that the four classes of movement thus created may have
different causes and effects. For example, Arnaud et al. (2012)
examined changes in placement of young (nest burrows) by
female Columbian ground squirrels, Urocitellus columbianus, from
year to year. Some adult females stayed in the same location year
after year, while others moved to a new place in the habitat where
density was lower and presumably offspring would have more
resources. For females that overlapped their natal range as adults
(i.e. were philopatric), daughters were forced to move slightly but0.6
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Figure 2. Idealized distributions of natal dispersal distances for (a) birds and (b)
mammals in ranges from the natal area. All are Poisson distributions of dispersal
distances, with the following mean movements: 0.9 for male birds, 1.5 for female birds;
10 for male mammals, 0.6 for female mammals. The area under each curve adds to 1.0,
and mean dispersal distances were selected for the purposes of illustration.signiﬁcantly farther from their place of birth when their mother
survived (i.e. when they could not replace the mother). Such
daughters settled next to their mothers and perhaps gained the
advantage of being near a close relative (Viblanc et al. 2010; Dobson
et al. 2012). If the mother did not survive, daughters were likely to
replace their mother’s place in the habitat, thus moving a shorter
philopatric distance; or alternatively dispersed to a new location at
varying distances from the natal range. Thus, we can imagine four
classes of movement: shorter and longer philopatric movements
(based on maternal survival) and shorter and longer dispersal
movements (perhaps based on demographic opportunities and
resource availability). In terms of whether distance or the phil-
opatric/dispersant dichotomy is made, there is a need to recognize
that these are different questions, but also that they likely interact
(e.g. maternal mortality produces the options of closer philopatry
or dispersal). Dispersal and philopatry are likely to have multiple
causes both within and among species (Dobson & Jones 1985;
Lawson Handley & Perrin 2007; Clutton-Brock & Lukas 2012;Mabry
et al., unpublished data).
While most studies of dispersal within species have examined
the traditional hypotheses suggested by Greenwood (1980), a new
hypothesis was suggested for female plateau pikas, Ochotona
curzoniae (Dobson et al. 1998). In this highly social species, natal
dispersal of females was to families with more males that might
provide paternal care of offspring, although the general pattern of
natal dispersal was male biased and appeared to minimize
inbreeding (Dobson et al. 2000). Clutton-Brock & Lukas (2012)
reviewed several additional hypotheses to explain female
dispersal, including avoidance of inbreeding with a male parent
(Clutton-Brock 1989; Lukas & Clutton-Brock 2011), bequeathal of
territory to daughters by mothers (Price & Boutin 1993; Berteaux &
Boutin 2000) and avoidance of infanticide (Marsh 1979; Stokes
et al. 2003). The most general inﬂuence on natal movements of
female mammals appears to be the advantage of settling near close
kin that might provide ﬁtness beneﬁts through cooperation, an
explanation for no movement or short philopatric movements
(Greenwood 1980; Waser & Jones 1983; Dobson et al. 1998; Lawson
Handley & Perrin 2007).
Applications of experimental methods are not as widespread in
studies of philopatry and dispersal as might be expected.
Comparative methods provide the only way of testing ideas about
why species of birds and mammals differ in their general sex-
biased patterns of dispersal, but the same hypotheses to explain
this bias can also be applied within species, or even to the question
of why individuals should disperse at all. Greenwood and
colleagues (e.g. Greenwood & Harvey 1977; Greenwood et al. 1979)
applied the intraspeciﬁc comparative method to population studies
of birds. At about the same time, experimental methods were being
applied to testing hypotheses about sex bias in dispersal patterns in
small mammals (typically food additions or animal removals; e.g.
Dobson 1979, 1981). Evidence supporting inbreeding avoidance as
a cause of sex bias in natal dispersal came primarily from studies
within species, both comparative and experimental (Pusey 1987;
Pusey & Wolf 1996). More applications of experimental methods
have been made for small mammals (e.g. Gundersen & Andreassen
1998; Byrom & Krebs 1999). And extensive experimental work has
been conducted on the dispersal of Eurasian common lizards,
Zootoca vivipara, (e.g. Cote & Clobert 2010; Vercken et al. 2012),
although they seldom show a sex bias in dispersal under experi-
mental conditions. Nevertheless, these latter studies point out the
beneﬁt of experimental methods, and also of extending studies to
additional taxa besides birds and mammals.
Missing from interspeciﬁc comparisons of dispersal sex bias is
the inclusion of phylogeny. Phylogeny is important to include
because associations of traits, like sex-biased dispersal and mating
F. S. Dobson / Animal Behaviour 85 (2013) 299e304 303system, can be recent or historical adaptations (e.g. Dobson 1985),
and because traits shared within a clade are not statistically inde-
pendent (Harvey & Pagel 1991). Both problems are substantial for
Greenwood’s (1980) and my (Dobson 1982) reviews of sex bias in
dispersal. Attempts to frame general conclusions about evolu-
tionary inﬂuences on dispersal by contrasting birds and mammals
should be considered suspect because the contrast has a sample
size of a single comparison. Evaluating sex-biased dispersal under
different mating systems among mammals suffers from the same
problem, although there appears to be several independent
evolutionary events producing even dispersal and female-biased
natal dispersal patterns (among orders; Dobson 1982; Mabry
et al., unpublished data). The key is to identify bird species inwhich
male-biased dispersal occurs, and mammalian species in which
females are the predominant dispersers. For example, since most
mammals show male-biased dispersal, it is likely that the trait is
shared among many related species. It is also likely that male-
biased dispersal is ancestral in mammals, and thus only female
biased dispersal is a recent adaptation (Clutton-Brock & Lukas
2012).
Mabry et al. (unpublished data) re-examined the evidence from
mammals (Dobson 1982; Lawson Handley & Perrin 2007), as well
as data on dispersal distance for the sexes in mammals and birds.
The contrast of mating system and sex-biased dispersal was not
signiﬁcant in the analyses of mammals, but female-biased dispersal
was much more likely to evolve in monogamous species. Because
so many species show female-biased natal dispersal, birds were not
informative concerning the evolution of sex biases in dispersal.
While this study provides a preliminary analysis of sex-biased
dispersal, sample sizes were on the order of 50e60 species, not
so different from those of Greenwood (1980) and Dobson (1982). A
comprehensive and exhaustive reanalysis is needed to study the
question of the evolution of sex bias in dispersal, philopatry and
movement distance, not only for birds and mammals, but also for
vertebrate taxa in general.
My instincts tell me that future tests and generalizations about
dispersal will need to incorporate two important improvements
that have become noticeable since the older reviews by Greenwood
(1980) and me (Dobson 1982). The ﬁrst is the growing work on the
possible importance of the inﬂuence of avoidance of kin competi-
tion on dispersal patterns (see above; especially Waser et al.,
unpublished data). In particular, efforts to estimate individual
ﬁtness of dispersing and philopatric phenotypes are needed. The
second is that mating systems and their inﬂuence on dispersal
patterns need to be reconsidered in light of evidence on multiple
paternity, and the dynamics of the mating interplay of males and
females (e.g. Westneat & Sherman 1997; Jennions & Petrie 2000;
Zeh & Zeh 2001; Raveh et al. 2010, 2011). In addition, species clutch
and litter sizes should prove to have very different mating
constraints compared to strongly iteroparous species that bear one
offspring at a time. Clearly, the old dichotomy of mating systems
that Greenwood (1980) made into resource defence and mate
defence will have to be tempered by the growing realization that
males have a more difﬁcult task than just social dominance and
defence, with the victor gaining the ﬁtness spoils. With respect to
mating, males and females have a more complicated set of chal-
lenges to work with than we have previously considered.
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